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A successful global model of Martian dynamics 

should explain: A) the rapid emplacement of the Thar-
sis region [1]; B) the location of Tharsis rise relative to 
the crustal dichotomy [2]; C) the subsequent limited 
volcanic activity after the formation of Tharsis rise [3]; 
and D) heat flow out of the core that is consistent with 
the absence of a present-day, internally-generated 
magnetic field [4]. Calculations of convection with 
both a thick and thin lithosphere show that an upwell-
ing plume will arise beneath the center of the thick 
lithosphere [5-7].  Geological evidence is consistent 
with a track of volcanism originating near the South 
Pole and migrating toward the current location of 
Tharsis rise [8].  A region of thick crust follows this 
same track [9].  These observations are consistent with 
numerical calculations and tank experiments in a do-
main with a thick and thin lithosphere, where a plume 
forms beneath the thick lithosphere and migrates to the 
boundary of the lithosphere thickness contrast [5]. 

While the conceptual model described above ex-
plains many features of Tharsis rise (e.g., A and B 
above), the question of why Mars had such a volumi-
nous period of volcanism early that appears to have 
shut down over a short period of time (C above) is not 
well addressed.  Also sometimes lost in the discussion 
is the fact that while significantly less voluminous, the 
region around Elysium Mons may have been volcani-
cally active until nearly the present time [3]. Thermal 
history calculations are formulated by balancing en-
ergy and do not solve the coupled conservation of 
mass, momentum, and energy as in convection calcula-
tions.  While most convection calculations use an in-
ternal heat source that does not vary with time, Sekhar 
and King [10] explore calculations where the internal 
heating varies with time using the abundances of Ura-
nium, Thorium, and Potassium in Lodders and Fegley 
[11].  They conclude that the decay of radiogenic ele-
ments could explain the transition from voluminous 
volcanism early in Mars history to the limited volcan-
ism at present day. In fact, they found it difficult to 
produce present day melting–at odds with the young 
crater ages of some flow units in the Tharsis region [3].  

While including decaying heat sources explains the 
rapid shutdown of melt consistent with the rapid em-
placement of Tharsis rise and subsequent limited vol-
canic activity, we find two challenges: creating low-
degree (i.e., degree-one) mantle structure; and the tim-
ing of the formation of Tharsis.  We focus on low-
degree structure because we recognize that while sig-

nificantly less voluminous, Elysium Mons has also 
been volcanically active for much of Mars history [3]. 
The Challenge of Low- Degree Structure 

The challenge of producing low-degree mantle 
structures (e.g., degree-one convection) arises from the 
assumed lithosphere structure. Many of the degree-one 
calculations start from a steady-state spherical axi-
symmetric structure expanded out to the sphere.  In 
Sekhar and King [10], the calculations start from a 
uniform temperature interior with a 50 Myr old litho-
sphere generated using an error function solution. 
Roberts and Zhong [12] find low-degree structures 
with a viscosity increase of a factor of 8, while we re-
quire at least a factor of  25 increase.  
The Challenge of Delayed Tharsis Timing 

The majority of Tharsis rise was emplaced by the 
end of the Noachian [1,3], yet in our calculations the 
thermal instability near the core-mantle boundary re-
sponsible for volcanism rises to the surface within 100 
Myrs of the start of the calculation. It is difficult to 
delay the formation of the plume to be consistent with 
the time between the formation of the dichotomy and 
the formation of Tharsis.  In our calculations, Tharsis 
forms so early we expect it would be difficult to re-
solve the ages of Tharsis rise and the crustal dichot-
omy.  The time for a plume to transit from the south 
pole to the present location may reconcile the age of 
Tharsis rise with the short time required to form an 
instability at the core mantle boundary. 

These challenges suggest that it is worthwhile 
considering two volcanic mechanisms; a deep, instabil-
ity to initially form Tharsis rise in the Noachian and 
small-scale convection to explain the smaller, long-
lived volcanic activity that continues to present [13]. 
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